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[57] ABSTRACT 

A needleless injection device has a housing containing a 
pilot valve conncctable to a compressed gas source. A 
two stage power amplifying valve includes a main valve 
operatively connected to the pilot valve. The pilot 
valve and main valve form a two-stage valve with the 
pilot valve activatable to open the main valve utilizing 
gas pressure. Compressed gas in a reservoir flows 
through the open main valve to drive a plunger into an 
ampule to inject an injectant through a patient's skin. 
Interlocks are provided to resist inadvertent actuation 
of the device and a indicator indicates whether there is 
sufficient gas pressure in the device for another injec- 
tion. An ampule for needleless injection has a nozzle 
length to nozzle diameter ratio of from 2.0 to 5.0 and a 
throat cone flair angle of from 10-14 degrees. 

11 Claims, 14 Drawing Sheets 
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should drop the device, etc. This results in wasted in- 

NEEDLELESS HYPODERMIC INJECTION jected medication and driving compressed gas. 

DEVICE . Gas driven injection devices using compressed gas 

cartridges can provide a limited number of injections 

This is a continuation-in-part of U.S. patent applica- 5 before the cartridge must be replaced with a fresh car- 

tion Ser. No. 547,898 filed Jul. 2, 1990 and now aban- tridge. With each injection, some compressed gas is 

doned which is a continuation-in-part of U.S. patent expended thereby decreasing the available supply of 

application Ser. No. 434,230 filed Nov. 9, 1989, now compressed gas remaining in the device. After a certain 

U.S. Pat. No. 3,064,4 1 3. number of injections, the available compressed gas pres- 

RArifrtBmiNn of top imvpnttow 10 sure within device becomes ^adequate for proper 

BACKGROUND OF THE INVENTION injection. Consequently, depending on the type of de- 

The field of the present invention is needleless hypo- vice and the type of injections being provided by the 
dermic injection devices. More particularly, the inven- device, it has been necessary for the user of the device 
tion relates to needleless hypodermic devices utilizing to keep track of the number of injections provided by 
pressurized gas for injection of medication. 15 the cartridge in the device, and to replace the cartridge 
Various needleless hypodermic injection devices after a maximum specified number of injections. If the 
have been known in the past. For example, Morrow et maximum number of injections per cartridge is ex- 
al, U:S. Pat. No. 4,790,824 describes a needleless hypo- ceeded, the decreased and insufficient gas pressure 
dermic injection device having a two-stage gas delivery available can lead to "splash back" as described above, 
system and an ampule shroud containing medication 20 Accordingly, it is an object of the invention to pro- 
which is driven through the skin via gas pressure. vide an improved needleless hypodermic injection de- 
Parsons et al, U.S. Pat. No. 4,680,027 discloses an vice, 
injection device using a pressurized gas cartridge to It is another object of the invention to provide a 
drive a piston against the biasing force of a spring. The novel ampule assembly which may be advantageously 
driven piston works on a syringe causing liquid medica- 25 used with such a needleless injection device, 
tion to be ejected with sufficient pressure to penetrate It is another object of the invention to provide a 
the skin of the patient. novel method of subcutaneous or intramuscular injec- 

While these and other known injection devices have tion. 
met with varying degrees of success, their constructions It is yet another object of the invention to provide 
or operating features can prevent effective injection. It 30 such a needleless injection device having an interlock to 
has now been discovered that the injection of liquid help prevent inadvertent actuation of the device, 
medication or injectant should be as instantaneous as It is still another object of the invention to provide 
possible. With gas powered injection devices, the rise such an injection device having a gas pressure indicator 
time of the gas pressure acting on the piston, and the to indicate whether the device has sufficient gas pres- 
resulting acceleration at which the piston and injectant 35 sure for the next injection, 
are driven is critical. When the gas pressure acting on cTrvrmr abv hp the TwvPWTinw 
the piston rises too slowly, the initial medication ejected SUMMARY OF THE INVENTION 
from the device does not have sufficient pressure or These and other related objects are achieved accord- 
velocity to pass through the skin. In addition, if the "rise ing to the invention by an injection device having a 
time" of the injection sequence is not sufficiently fast, a 40 cartridge piercing body within a housing and a valve 
substantial portion of the medication will be too slowly body in the housing spaced apart from the piercing 
driven from the device causing a "splash back" condi- body. A gas delivery tube extends from the piercing 
tion. Consequently, as a result of "splash back" the body to the valve body. A reservoir is formed by the 
patient does not receive the full dosage of medication. valve body and the housing, and the gas delivery tube 
In gas driven injection devices, there are several 45 has a bleed hole opening into the reservoir. A pilot 
factors which may affect the efficiency of the device. valve is substantially disposed in a pilot valve chamber 
For example, devices having a long or tortuous gas path in the valve body and a main valve piston is slidably 
will have slower rise times due to flow losses and gas positioned within the housing. The main valve piston 
volume compressibility effects. In addition, certain in- sealingly engages against a liner seat on a liner. The 
jection devices rely on direct mechanical valve opera- 50 main valve piston faces an annular chamber on one side 
tion by the user of the device to release the gas pressure with the annular chamber connected to the reservoir 
during the injection sequence. Since the valve operation via a gas passageway. A main valve piston chamber on 
is done manually in these devices, the effectiveness of the other side of the main valve piston is connected to 
the injection can vary widely with the user, due to the the pilot valve chamber. The pilot valve is actuatable to 
speed, activating force and completeness of activating 55 vent the pilot valve chamber. This causes the main 
movement employed by different users of the device. valve piston to separate from the liner seat such that 
More importantly, it has not been previously appreci- compressed ga from the reservoir flows past the main 
ated that many of these types of devices have relatively valve piston into a plunger chamber to rapidly drive a 
large "dead" spaces or volumes of gas trapped behind plunger into a medication ampule for needleless injec- 
the piston when the device in the ready to fire condi- 60 tion through the skin. 

tion. These dead volumes substantially hinder injection These and other related objects are also achieved 

by slowing the rise time of the gas pressure acting on according to the invention by an injection device hav- 

the piston since substantia] time is required for rela- ing a trigger actuatable by the user of the device to open 

tively large volumes of gas to flow into the dead vol- the pilot valve. A slide is axially displaceable on the 

umes to build up ah adequate injection pressure. 65 device between a first slide position wherein the slide 

Gas driven injection devices can also be inadver- interferes with and prevents actuation of the trigger, 

tently activated if the valve of the device is inadver- and a second slide position wherein the slide is removed 

tently depressed or opened by the user, or if the user from the trigger to allow actuation thereof. 
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A spring is provided to bias the slide towards the first FIG. 5 is a top interior view taken along line 5—5 of 

slide position. A detent collar is provided within a re- FIG. 4; 

tainer n the slide. The collar is rotatable within the FIG. 6 is a side view of the Luer fitting provided on 

retainer between a first or locked position and a second the ampule shown in FIGS. 2 and 7; and 
or unlocked position. A first locking system including a 5 FIG. 7 is an enlarged section view fragment of an 

link in the retainer biased into the collar locks the collar ampule which may be used with the injection device, 
in the locked position. The first locking system is un- FIG. 8 is a perspective view of a second embodiment 

locked when an ampule having a key tab is inserted into of the present needleless injection device in the ready 

the device with the key tab extending into a slot in the for injection state; 

collar and in alignment with the link. A second locking 1° FIG* 9 is an enlarged side view in part section of the 

system including a groove on the slide and a detent injection device of FIG. 8; 

collar follower locks the slide into a first slide or slide nG * 10 is a front elevation view taken along line 

locked position. The second locking system can be W— 10 of FIG. 9; 

unlocked for actuation of the device only with the de- FIG - lla » ■» enlarged fragment view in part section 

tent collar in the second or unlocked position. The 15 of certain features of the device of FIG. 8; 
device may then be actuated with the user pushing the FIG - nb is 80 enlarged fragment view in part section 

slide forward and then depressing the trigger. of c . eTt ^ n . of device of FIG - * w *ile 

In a method of intermuscular and subcutaneous injec- device is injecting; 

tion, an ampule is secured on an ampule receptacle , *}°- ^ is an enlarged fragment in part section of the 

thereby unlocking a ampule detecting interlock. A trig- 20 devi£ * ? f ™f ' 8 ^ a Iocku, « of . thc de ' 

ger interlock is disabled or unlocked and a valve is vic« unlocked by an ampule secured to the device; 

actuated to release compressed gas to drive an injectant , ™ l ?± s ™ f 11 ^ section view taken along line 

out of the ampule. 13 T* 3 °»7 G - *> ' 

These and other related objects are further achieved „ J 1 ?' is f m enlarged fragment view in part section 

according to the invention by an injection device hav- 25 ^ owm «. the fro * °' th * dev,ce of na 8 M 
ing a housing, a pilot valve connectable to a compressed ? mtotte device. . 

° . , . . , , FIG. 146 is an enlarged fragment view in part section 

gas source, a main valve operate* connected to the end the 8 device S of pjQ 8 , as ^ en „ 

pilot valve, and a detent assembly for locking and un- ^ of FIG. 13 and showing an ampule in- 

locking a trigger which opens the pilot valve Piefera- ^ ^ but nQt secure(J mtQ the device; 

bly, the detent switch assembly includes a slide block FIG. 14c is an enlarged fragment view in part section 

having a slide block pin which can engage the trigger. of the front emJ of the device 0 f pjQ 8> with „ m ^ 

The ampule preferably comprises a generally cylin- ^ mmA - mto the device; 

drical body having ampule walls which form an injec- Fia 15 is m enlarged section view taken along line 

tant chamber. A throat extends and tapers from the 35 15^15 0 f FIG. 14c; 

injectant chamber to a nozzle at one end of the ampule. FIG 16 is ^ eX piod e d perspective view of an am- 

Cam flanges are provided at the other end of the ampule pulC( a retainer ^ a detent col)ar of Ae device of p, a 

for secunng the ampule to the injection device. Key g. 

tabs on the ampule adjacent and perpendicular to the ' FIGt xla js a f ront e i ev ation view in part section 

flanges is provided for disengaging the first locking 40 sho wing the ampule inserted into the retainer of FIG. 

system of the injection device. i6 but not securec i therein; 

The ampule most desirably also has a generally cylin- piG. 17* is a front elevation view in part section 
drical injectant chamber and a transition zone having a showing the ampule rotated and secured into the re- 
concave section adjoining the injectant chamber. A tainer of FIG. 16; 

convex section adjoins the concave section and a coni- 45 piG. 18 is a front elevation view of the ampule of 

cal section adjoins the convex section. A nozzle at the pig. 16; 

front end of the ampule adjoins the conical section to FIG. 19 is a rear elevation view of the ampule of 

reduce pressure losses and lower turbulence. FIG. 16- 

BRIEF DESCRIPTION OF THE DRAWINGS m t . FI £ 2 * is ?i^ io JL view of am P ule ^ ^ 

50 lme 20—20 of FIG. 19; 

Other objects and features of the present invention FIG. 21 js a front elevation view of an adapter plate 

will become apparent from the following detailed de- to facilitate use of existing ampules with the device of 

scription taken in connection with the accompanying FIG. S; 

drawings. It is to be understood, however, that the FIG.' 22 is a bottom elevation view of the adapter 

drawings are designed for the purpose of illustration 55 plate of FIG. 21; 

only and are not intended as a definition of the limits of FIG. 23 is a side elevation view of the adapter plate of 

the invention. FIG. 21 on an existing ampule; 

In the drawings wherein similar reference characters FIG. 24 is a enlarged front elevation view in part 

denote similar elements throughout the several views: section of the collar of FIG. 16; 

FIG. 1 is a perspective view of the present needleless 60 FIG. 25 is a section view of the collar taken along line 

injection device in the ready for injection state; 25 — 25 of FIG. 24; 

FIG. 2 is a side view in part section of the injection FIG. 26 is a section view of the a third embodiment of 

device of FIG. 1; the present needleless injection device in the ready for 

FIG. 3 is an enlarged fragment view in part section of injection condition; 

the valve mechanisms and gas delivery system of the 65 FIG. 27 is an enlarged section view of an ampule for 

device of FIG. 2; use with the injection device of FIG. 26; 

FIG. 4 is an enlarged section view taken along line FIG, 28 is a enlarged section view fragment of the 

4—4 of FIG. 3; nozzle of the ampule of FIG. 27; 
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FIGS. 29(a) and 29(6) are enlarged views of the noz- The main valve piston 82 includes a piston face 88 for 

lie end of the ampule of FIG. 27; sealing against a valve or liner seat 94 of a liner 92. 

FIG. 30 is a section view of a third preferred ampule Alternatively, the seat may be formed on an inwardly 

embodiment; extending annular rim section of the housing 22. The 

FIG. 31 is a side elevation view thereof; 5 main valve piston 82 and liner seat 94 form the main 

FIG. 32 is an enlarged view fragment of the nozzle of valve of the injection device. The main valve piston 82 

the ampule of FIG. 30; is advantageously made of TEFLON and also prefera- 

FIG. 33 is a section view of a fourth preferred ampule bly has a counter bore 86 for improved sealing charac- 

embodiment; teristics. 

FIG. 34 is a side elevation view thereof; 10 A button 70 is held against the pilot valve 72 within a 

FIG. 35 is a section view fragment of tooling for button housing 98. An Oring 64 seals the valve body 60 

molding ampule nozzles; and to the inner surface of the housing 22, around the pilot 

FIG. 36 is an enlarged view fragment of the nozzle valve 72 which passes partially through the housing 22. 

end of the ampule of FIG. 27. A vent 78 extends through the button housing 98 into 

15 the pilot valve chamber 74. 

DE J^i^^ D ^ S t^^^^^ E The liner 92 has an opening 104 adjacent the liner seat 

PREFERRED EMBODIMENTS 94 and is sealed against the inner surface of the housing 

Referring now in detail to the drawings, therein illus- 22 by O-rirtg 102. The sleeve section 68, the liner 92 and 

trated is a novel needleless hypodermic injection de- the main valve piston 82 form a seat chamber or annular 

vice, which as shown in FIGS. 1 and 2 includes a hous- 20 chamber 84 on the side of the main valve piston 82 

ing 22 and a cartridge holder 24 threaded onto an inter- opposite of the main piston chamber 76. 

oal threaded section 32 of the housing 22 and holding a Within the liner 92 is a plunger driver 90 engaging a 

cartridge 28. At room temperature, the cartridge 28 plunger 96. A plunger driver orifice 112 extends 

contains a saturated gas/liquid, such as CO* or some through the plunger driver 90 connecting the liner 

other appropriate pressure medium, hereinafter referred 25 opening 104 to the plunger chamber 114. As shown in 

to as "compressed gas". An opening 26 is provided in FIG. 2, a compression spring 116 is positioned on a hub 

the cartridge holder 24. A spanner collar 30 is threaded 118 extending into the plunger chamber 114. The spring 

onto the internal threaded section 32 of the housing 22 116 biases the plunger driver 90 against the end of the 

ahead of the cartridge holder 24 and serves to hold liner 92 adjacent the liner seat 94. An O-ring 106 seals 

other internal components in place. 30 the plunger driver 90 against the liner 92. 

Turning to FIG. 3, a piercing body 34 is contained Referring now to FIG. 7, a threaded collar 102 hav- 

within the housing 22 against the spanner collar 30. An ing a vent 122 leading to the plunger chamber 114 joins 

elastomeric washer 36 within the piercing body seals the housing 22 and a threaded end 128 of an ampule 

against the facing end of the cartridge 28. A slotted holder 130. Within the ampule holder 130 is an ampule 

piercing pin 38 extends outwardly from the piercing 35 132 having a base 146 abutting the threaded collar 102. 

body 34 into the cartridge 28. The piercing pin 38 con- The conically tapered inner surface of the ampule 

nects to a gas delivery tube 46. A filter 40 and an orifice holder 144 matches the conically tapered outer surface 

42 are secured within the gas delivery tube 46. 142 of the ampule 132, to support the ampule walls 152 

Spaced apart from the piercing body 34 within the all around. With shallow angles of taper, there is a ten- 
housing 22 is a valve body 60. The valve body 60, hous- 40 dency for the ampule 132 to stick in the ampule holder 
ing 22, and piercing body 34 form a reservoir 48 around 130 after the injection. This is called a locking taper, 
the gas delivery tube 46. A bleed hole 44 leads from the The ampule 132 and ampule holder 130 preferably have 
gas delivery tube to the reservoir 48. A spacer 50 is approximately a 16 degree taper which is advanta- 
optionally secured around the gas delivery tube 46 geously above the locking taper range. The ampule 132 
within the reservoir 48 by a pin 52. 45 is advantageously a single molded piece. A breech lock 

An O-ring 54 seals the piercing body against the inner fitting may alternately be provided for quick ampule 

surface of the housing 22. Similarly, an O-ring 56 seals replacement. 

the gas delivery tube 46 to the piercing body 34. The plunger 96 has a tapered end 124 and a seal 126 
At the other end of the gas delivery tube 46, an O- extending into an injectant chamber 134 within the 
ring 62 seals the gas delivery tube 46 to the valve body 50 ampule 130. The plunger seal 126 seals the plunger 124 
60, with the gas delivery tube extending into a bore 66 against the injectant chamber walls 136, which are sub- 
running through the valve body 60. A pilot valve 72, staintially parallel. The injectant chamber 134 leads to a 
preferably a Schrader-type valve, is contained within a flow path comprising a first transition 138 extending 
pilot valve chamber 74 within the valve body 60. The into a throat 140 leading to a second transition 149 and 
valve body 60 includes a sleeve section 68 substantially 55 a nozzle 148. The flow path smoothly makes the cross 
containing a main valve piston 82. An O-ring 80 seals section area reduction from the injectant chamber 134 
the main valve piston 82 against the inner surfaces of the to the nozzle 148, to minimize flow losses. Around the 
sleeve section 68 of the valve body 60 with the main outside of the nozzle end of the throat 140 of the ampule 
valve piston 82 slidably disposed therein. In between 132 is an ANSI standard Luer fitting 150 as detailed in 
the main valve piston 82 and the pilot valve chamber 74 60 FIG. 6. This fitting permits connection of the ampule 
is a main piston chamber 76, with the bore 66 also ex- 132 to another medical device or container in a leak 
tending from the pilot valve chamber 74 to the main proof and mechanically secure manner. Advanta- 
piston chamber 76. As shown in FIG. 4, gas passage- geously, an ampule 132 made of or lined with glass or 
ways 120 extend along the periphery of the valve body another material which does not interact with the de- 
60 to connect the reservoir 48 to an annular chamber 84. 65 sired injectant may be used. The injectant chamber 134, 
The gas passageways 120 are designed to maximize first transition 138, throat 140, second transition 149 and 
unrestricted flow from the reservoir 48 into the plunger nozzle 148 are preferably molded in as part of the am- 
chamber 114. pule during its manufacture. 
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A shield 160 is preferably provided over the ampule With the ampule 132 loaded with injectant, the am- 

132 and at least part of the ampule holder 130. The pule holder 130 is placed over the ampule 132 and the 

shield 160 includes a Luer sleeve 168 adapted to fit over threaded end 128 of the ampule holder 130 is engaged 

the Luer fitting 150 of the ampule 132. The front surface by the threaded collar 10Z The plunger 96 passes 

162 of the shield 160 has ridges 164. A cylindrical flange 5 through the threaded collar 102 and extends into the 

166 extends back from the front surface 162 and engages plunger driver 90 in the plunger chamber 114. (See 

the ampule holder 130. FIG. 2.) The injection device is then ready for injection, 

In operation, the cartridge holder 24 is unscrewed by placing the device 20 against the patient's skin. (See 

from the housing 22 of the injection device 20. A com- FIG. 1). 

pressed gas cartridge 28, such as a CO2 cartridge is 10 As the front surface or the ampule 132 is relatively 

placed into the cartridge holder 24. The cartridge small, the shield 160 advantageously is provided over 

holder 24 is then threaded back onto the internal the Luer fitting 150 of the ampule 132 to help steady the 

threaded section 32 of the housing 22. As the cartridge injection device 20 against the patient's skin. The ridges 

holder 24 is turned to engage the housing 22, the face 164 on the front surface 162 of the shield 160 help to 

end of the neck of the cartridge 24 engages, compresses 15 prevent sliding over the patient's skin and local anes- 

and seals against the elastomeric washer 36 and the thetic phenomenon. The flange 166 of the shield 160 

cartridge 28 is pierced by the piercing pin 38 projecting covers the ampule holder surface 30 and is intended to 

mom the piercing body 34. After the cartridge 28 is help to prevent bodily fluids from contacting the reus- 

pierced, compressed gas flows by the piercing pin 38, able ampule holder 130. 

through the filter 40 and the orifice 42. The filter 40 20 During the injection sequence, substantial pressure is 

traps any contaminants in the gas flow. The orifice 42 developed within the injectant chamber 134. Conse- 

limits the flow rate. quently, it is advantageous to avoid overstressing the 

Compressed gas flows through the orifice 42 and fills injectant chamber walls 136. The ampule holder 130 
the duct 58 within the gas delivery tube 46. The gas may help to prevent excessively stressing the Luer fit- 
continues to flow and fill the bore 66, pilot eve chamber 25 ting 150, the transition 138 or the injectant chamber 
and the main piston chamber 76. Simultaneously, gas walls 136 of the ampule 132 by at least partially transfer- 
flows from the duct 58 through the bleed hole 44 in the ring stresses (which may be generated by lateral or 
ga delivery tube 46 to fill the reservoir 48. From the bending movement of the nozzle 148 against the pa- 
reservoir 48 the gas flu through the gas passageways dent's skin) to the ampule holder 130. 
120 to fill the annular chamber 84. After a sufficient 30 With the device 20 in the ready state and held against 
interval, all chambers, spaces and flow channels are at a the patient's skin, the device 20 is activated by depress- 
pressure PI. ing the button 70. This causes the pilot valve 72 to open 

The spacer 50 is provided in the reservoir 48 to allow permitting the compressed gas in the pilot valve cham- 

the volume of gas contained in the reservoir to be var- ber 74 to escape through vent 78 to the outside. Simulta- 

ied. This capability of varying volume enables the de- 35 neously, the gas in the main piston chamber 76 rushes 

vice to be used for subcutaneous (usually relatively outwardly along the same path causing a substantial 

smaller volumes) and intramuscular (relatively larger pressure drop therein. The small diameter of the bleed 

volumes) injection. The bleed hole 44 is positioned hole 44 in the gas delivery tube 46 severely restricts the 

adjacent to the valve body 60 such that a wider spacer flow of gas from the annular chamber 84 through the 

50 may be provided without interfering with the bleed 40 gas passageways 120 and reservoir 48 into the duct 58. 

hole 44. The diameter of the bleed hole 44 is small in Similarly, the orifice 42 severely restricts the flow of 

comparison to the flow areas of the duct 58, bore 66 and gas from the cartridge 28. As a result, at the instant just 

gas passageways 120. after the button 70 is depressed, the pressure in the 

With device in the ready state, as described above annular chamber 84 is far higher than the pressure in the 

and as illustrated in FIG. 3, the piston face 88 of the 45 main piston chamber 76. The main valve piston 82 is 

main valve piston 82 is sealed against the liner seat 94 of thereby rapidly driven in a snap action backwards 

the liner 92, such that no gas may flow through the liner towards the pilot valve chamber 74 such that the seal 

opening 104. The main valve piston 82 is forced against between the piston face 88 and the liner 94 is opened, as 

the liner seat 94 to make the seal by virtue of the pres- shown in phantom in FIG. 3. The gas in the reservoir 48 

sure exerted on the back of the main valve piston, i.e., 50 is then able to flow through the gas passageways 120 

the surface facing the main piston chamber 76. Al- and through the opening 104 into the plunger chamber 

though in the ready state, the annular chamber 84 and in 114 to drive the plunger driver 90 and plunger 96 into 

the main piston chamber 76 have equal gas pressure, the the injectant chamber 134 of the ampule 132. As the 

projected area of the main valve piston 82 facing the plunger 96 and plunger driver 90 move outwardly 

main piston chamber 76 is greater than the projected 55 toward the ampule 130, the plunger chamber 114 is 

area of the main valve piston 82 facing the annular vented through the plunger chamber vent 122. The 

chamber 84. The resulting force imbalance causes the rapid acceleration of the plunger 96 causes the injectant 

main valve piston 82 to be tightly sealed against the to be injected out of the nozzle 148 at a pressure and 

liner seat 94. velocity sufficient to pass through the patient's skin. 

Using known techniques, the desired injectant is 60 During the injection sequence, a small amount of 
loaded into the ampule 132. Single-use ampules may be compressed * I bleed" gas may also flow from the car- 
provided as a unit along with the plunger 96 and the tridge 28 and reservoir 48 into the pilot valve chamber 
shield 160. Unit-dose ampules prefilled with injectant and out through the vent 78. However, this quantity of 
may also be used. These ampules have a relatively gas is acceptably small in comparison to the "driving" 
larger surface around the nozzle 148 and no Luer fit- 65 gas flowing from the reservoir 48 into the plunger 
ting. Correspondingly, the throat 140 of such ampules chamber 114. In addition, since the volume of the reser- 
may be shortened. The base 146 of prefilled ampules is voir 48 is large compared to the initial "dead" volume 
sealed with a plug or membrane. between plunger driver 90 and the main valve, the rise 
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in gas pressure acting on the plunger driver 90 is very taining substantially the same elements as shown in 
fast. * FIG. 3. The structure and operation of these elements 

Following the injection, the button 70 is released and within the housing 205 are substantially the same as 
the pilot valve 72 closes. The gas pressures in the van- those described above and illustrated in FIGS. 2-5. A 
ous ducts and chambers within the housing 22 then once 5 gas cartridge holder 226 holding a cartridge 28 is 
again equalize and return substantially to PI. Specifi- threaded on to the back or cartridge end of the housing 
cally, compressed gas from the cartridge 28 flows 205. A thumb screw 228 is threaded through the car- 
through the bleed hole 44 to repressurize the reservoir tridge holder 226 and extends into the cartridge cham- 
48 and through the duct 58 to repressurize the bore 66 ber 225. A vent 229 extends through the cartridge 
pilot valve chamber 74 and main piston chamber 76. 10 holder 226. 

Due to the small size of the openings in the orifice 42 Referring specifically to FIG. 9, a slide assembly 201 
and the bleed hole 44, this repressurization occurs having a slide tube 202 is fitted over the housing 205. A 
slowly in comparison to the injection sequence. As the trigger 204 is pivotally mounted onto the housing 205 
main piston chamber 76 is repressurized, the main valve by a trigger pin 206 and protrudes through the top of 
piston 82 is driven forward so that the piston face 88 15 the slide assembly 201. 

once again seals against the liner seat 94. In the plunger Referring now to FIG. 11a, the slide assembly 201 
chamber 114, the spring 116 pushes the plunger driver has a ramp 209 extending at an incline up to a trigger 
90 back against the opening 104. As the plunger driver opening 220 in the slide tube 202. A thumb rest 208 of 
90 is returned to its original ready position, remaining the trigger 204 extends through the trigger opening 220. 
gas in the plunger chamber 114 vents through the 20 A planer trigger anvil 214 on the trigger 204 is posi- 
plunger driver orifice 112. tioned over a pilot valve pin 216 for actuating a pilot 

To prepare the device 20 for the net injection, the valve 218. The trigger 204 has a trigger slot 210. A slide 
ampule holder 130, the ampule 132 and the plunger 96 overhang 222 of the slide tube 202 has a trigger stop 212 
are removed from the housing 22 by unscrewing the extending into the trigger slot 210. The trigger stop 212 
ampule holder 130 from, the threaded collar 102. A new 25 prevents the trigger 204 from depressing the pilot valve 
ampule assembly 100 consisting of a new filled ampule pin 216 to actuate the pilot valve 218, except when the 
132, plunger 96, and shield 160 are installed on the de- device is unlocked during an injection, 
vice 20 as previously described. Forward of the trigger 204 is a compressed gas pres- 

Depending upon the particular application, the gas sure indicator assembly 230. The indicator assembly 
cartridge 28 is sufficient for several injections. To re- 30 includes a Bourdon tube 238 having an open end ex- 
place the cartridge 28 after a predetermined number of tending into an adaptor 242 threaded into an end cap 
injections the cartridge holder 24 is unscrewed from 250 which is sealed against a flattened portion of the 
the housing 22. As the cartridge holder 24 is being un- housing 205 with an O-ring 246. The other side (top) of 
screwed from the housing 22, remaining compressed the end cap 250 is spaced apart from the slide tube 202 
gas in the cartridge 28 may escape from the cartridge 28 35 by a slide bushing 245. An O-ring 244 seals the adaptor 
into the interior of the cartridge holder 24. The opening 242 against the end cap 250. Similarly an O-nng 224 
26 at the end of the cartridge holder 24 prevents the seals the pilot valve 218 against the inside surface of the 
cartridge holder 24 from becoming pressurized, such housing 205. A spring cup 252 surrounding the adapter 
that the cartridge holder 24 may be easily removed 242 supports the back end of a compression spring 240. 
from the housing 22. A new gas cartridge 28 is then 40 The compression spring 240 extends forward over the 
installed as previously described. Bourdon tube 238 to a barrel 254 ^substantial y surround- 

The device 20 may be used for intramuscular or sub- ing an indicator cylinder 231. The indicator cylinder 
cutaneous injections. For subcutaneous injection, the 231 is provided with a flag 236 having two different 
nozzle 148 has a relatively smaller opening and the colored sections 235 and 237, for example red and 
reservoir 48 is largely occupied by a spacer 50, limiting 45 green. The two colored sections 235 and 237 are sepa- 
the gas volume therein to preferably as little as 20% of rated by a demarcation line 243. 
the full reservoir volume. For intramuscular injection, a A shaft 258 extends from the indicator cylinder 231 
larger nozzle 148 opening is advantageously used and through a rotation bushing 256. An end support 234 
the reservoir may be up to 100% filled with "driving" mounted to the housing 205 supports the rotation bush- 
eras, i.e., no spacer is used. The nozzle 148 opening may 50 ing 256. A window 232 made of a transparent material 
ranee in diameter and spacer 50 size (or length) deter- is provided in the slide tube 202 over the indicator cyl- 
mine whether the device is set up for intramuscular or inder 231. The window 232 is preferably provided with 
subcutaneous injection. ™ axially extending ! ^rence line. 

Various other design alternatives will be apparent to Referring to FIGS. 9 and 11a, the open end 239 of the 
those skilled in the art. For example, the various O-rings 55 Bourdon tube connects to an opening 241 extending 
which seal non-moving components within the housing through the adaptor 242 and to a duct 248 passing 
22 may be replaced or diminated by other types of seals through the bottom wall of the adaptor 242 and through 
(including adhesives) or internal construction. In addi- the housing 205. As shown in FIG. 9, a duct extension 
tion, a diaphragm or bellows could be used in place of 249 connecting to the duct 248 passes througji the valve 
the main valve piston 82 and various other configure- 60 body 60 to the pilot valve chamber 219. 
tions of the valves, chambers and flow passageways are Referring to FIG. lltf, a bridge radius 260 extends 
also possible. froro dide 202 overivin 8 indicator assembly 

FIGS 8-25 illustrate a second embodiment of the 230 and is joined to a forward extension 262 of the slide 
injection device and an ampule for use with this device. tube 202. As shown in FIGS. 9 and 1U the forward 
The second embodiment includes a compressed gas 65 extension 262 of the slide tube 202 has a lock groove 266 
pressure indicator and interlock systems. forward of the connection to the bridge radius 260. An 

Referring to FIGS. 8, 9 and 10, the second embodi- inwardly extending rim 264 is provided at the other end 
ment of the device 200 has a tubular housing 205 con- of the forward extension 262. 
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A retainer 282 within the slide tube 202 has three As shown in FIGS. 11a and 14a, no ampule 306 is yet 
equally radially spaced apart hooks 292 (see FIG. 16). A installed in the device 200 and the device 200 is in a 
threaded end of the retainer is screwed onto a threaded locked condition. The trigger 204 cannot be depressed 
end 272 of the housing 272, with the retainer shoulder to actuate the pilot valve 218 because the trigger stop 
289 clamping the end support 234 against the housing 5 212 holds the trigger anvil 214 away from the pilot 
205. A plunger chamber end cap 274 is secured in be- valve pin 216. The trigger stop 212 cannot be pushed or 
tween a retainer boss 275 and the threaded end of the slid forward out of the trigger slot 210 because the lock 
housing 272. A detent collar 340 is held in place within groove 266 on the forward extension 262 of the slide 
the retainer 282 with a detent collar ring 341 slidably tube 202 interferes with and cannot pass over the outer 
held against the retainer boss 275 by a wavy spring 278. 10 ball 286 of the collar follower 283. The outer balls 286 

As illustrated in FIGS. 16, 24 and 25, the detent collar are held in the "up" position into the lock groove 266 by 
340 has a cylindrical collar surface 356 interrupted by the lower balls 284 which in turn are resting on the 
three equally radially spaced apart crescents 352 ex* collar surface 356 of the detent collar 340. The detent 
tending forward from the detent collar ring 34 to ap- collar 340 is held in position relative to the retainer 282 
proximately the midpoint of the length of the detent 15 slide pins 302 biased into the slide pin sockets 344 on the 
collar 340. In between the three crescent surfaces 354 detent collar 340, by the clock spring 300. Conse- 
are three equally radially spaced apart slots 348 extend- quently, in this state, the crescents 352 on the detent 
ing from the front surface 347 of the detent collar 340 collar 340 cannot be moved into alignment with the 
rearward the detent collar ring 341. Chamfered guides inner balls 284. Thus, with ho ampule secured into the 
350 are provided at the front surface of the detent collar 20 device 200, the device cannot be actuated and no com- 
347 on either side of each slot 348. A collar plunger bore pressed gas can be released. 

358 extends axially and centrally through the detent Referring now to FIGS. 12, 13, 146 and 20, an ampule 
collar 340. As shown in FIGS. 24 and 25 adjacent to 306 containing an injectant in the injectant chamber 388 
each slot guide 350 is a link or slide pin socket 344. The is inserted into the front end of the device 200 by push- 
sockets 344 extend just slightly into the collar surface 25 ing in and turning within the retainer 282. The radial or 
356. Pressure relief bores 342 extend through the detent key tabs 312 on the back of the ampule 306 are aligned 
collar 340 from the front surface 347 into the collar with the slots 348 in the detent collar 340. The flanges 
plunger bore 358. . 316 of the ampule 306 pass in between the retainer 

The retainer 282^ as shown in FIGS. 11a and 14a-3, hooks 292 as the ampule 306 is inserted, 
has an ampule slot 293 in between the retainer hooks 30 As the radial tabs 312 slide into the slots 348, the slide 
292 and the retainer body 295. (In FIGS. 14a-c, the pins 302 ride up on the outside surfaces of the radial tabs 
bridge radius and housing are omitted for clarity.) The 312 causing the slide pins 302 to lift out of the slide pin 
detent collar 340 is positioned inside of the retainer sockets 344. The detent collar 340 is then free to rotate 
body 295. As shown in FIG. 14a, slide pin holes 304 within the retainer 282. This condition is shown in 
extend through the retainer body 295. Slide pins 302 35 FIGS. 13 and 14a wherein the slide pins 302 (shown in 
within the holes 304 are radially biased inwardly onto phantom) are pushed out of the slide pin sockets 344 by 
the collar surface 356 of the detent collar 340 by a clock the radial tabs 312 against the force of the clock spring 
spring 300 overlying the slide pines 302 in a clock spring 300. Although this link or slide pin locking system from 
groove 298. The slide pins 302 are adapted to protrude locking the detent collar 280 to the retainer 282 is un- 
into the link or slide pin sockets 344 on the detent collar 40 locked or disengaged, the device cannot be activated as 
340, to reversibly lock the detent collar from rotation the outer balls 286 still prevent forward movement of 
within the retainer 282. Various alternative collar- the slide tube 202 thereby preventing removal of the 
retainer link configurations to link or lock the detent trigger stop 212 from the trigger slot 210. 
collar from rotating in the retainer are feasible. The ampule 306 is then rotated along with the detent 

In the retainer body 295 behind the slide pin holes 304 45 collar 340 within the retainer 282. The grip tab 308 on 
is a detent collar follower indicated generally as 283. In the ampule 306 provides a finger grip for gripping the 
the preferred embodiment, the detent collar follower ampule. While the ampule is turned it is also slightly 
283 includes inner and outer balls 284 and 286 within pressed towards the back of the device 200 thereby 
three detent ball bores 296. The lower balls 284 rest on compressing the wavy spring 278. The cams 310 on the 
the collar surface 356 such that the outside balls 286 50 cam arms 322 of the flange 316 on the back of the am- 
protrude into the lock groove 26 of the forward exten- pule 306 slide and wedge under the retainer hooks 292 
sion 262 of the slide tube 202. Other detent collar fol- (see FIG. 16). 

lower configurations including pins and expandable The ampule 306 is turned until the stops 324 come to 
rings are also possible. rest against the sides 297 of the retainer hooks 292, as 

In use, a compressed gas cartridge 28 is first installed 55 shown in FIGS. 17a and 176. As the detent collar 340 
into the device 200. Specifically, the cartridge holder rotates with the ampule 306, the crescents 3564 come 
226 is unscrewed from the housing 205 and a cartridge into alignment with the detent ball bores 296, thereby 
28 is inserted into the cartridge chamber 28 with the allowing the inner balls 284 to come to rest on the cres- 
thumbscrew 228 substantially backed out of the car- cent surfaces 354. This allows the outer balls 286 to 
tridge chamber 225. The cartridge holder 226 is then 60 drop from the lock groove 266 as illustrated in FIGS, 
threaded back onto the housing 205 with the neck of the 14c and 15. 

cartridge 228 facing the piercing pin 38 and the elasto- The link interlock 301 (comprising the biased slide 
meric washer 36 (see FIGS. 3 and 9). The thumbscrew pins 302 and sockets 344 for locking the detent collar 
228 is then turned inwardly or forward to force the 340 against rotation) and the collar follower interlock 
compressed gas cartridge 28 onto the piercing pin 38. 65 28 (comprising the crescents 354 and balls 284 and 286 
Compressed gas then flows from the compressed gas for preventing movement of the slide tube 202) have 
cartridge 28 into the device as described above for the now both been unlocked or disabled. However, the 
device of FIGS. 1-3. slide tube 202 remains biased to the back of the device 
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200 by the compression spring 240. Consequently, the ampule 406 is secured to a retainer barrel 408 of a hous- 

trigger stop 21 remains in the trigger slot 210 to prevent ing tube 412 of the injection device 400. Retainer hooks 

depression of the trigger 208. 410 to the retainer barrel 408 engage the flanges 316 of 

To administer an injection, the device 200 is posi- the ampule 406. A pressures plate 414 is biased by a 
tioned with the nozzle and shroud 334 of the ampule 330 5 wavy spring 416 against the back of the ampule 406 to 
against the injection site on the patient. The user then secure it in place within the retainer barrel 408. 
slides the slide tube 202 forward with thumb or hand A plunger driver 418, similar to plunger driver 90, 
pressure on the ramp 209, overcoming the biasing force has a spring bore 420 and an eccentric vent 422 leading 
of the spring 240. This movement of the slide tube 202 to an orifice insert 424 leading to the liner opening 104. 
and trigger 208 may be performed with one or two 10 The offset position of the eccentric vent 422 helps in- 
hands. As the slide tube 202 moves forward, the trigger sure free return of the plunger driver 418 after injection, 
stop 212 moves out of the trigger slot 210 allowing the Adjacent to the valve body 60, the spacer 50 leaves a 
trigger 208 to be fully depressed to actuate the injection very small volume reservoir 211, as the remaining corn- 
sequence, pressed gas filling the spaces in the various chambers 

FIG. 11* illustrates the condition of the device 200 15 and passageways (which are the same as in the previous 

while injecting. The trigger stop 212 is temporarily embodiment) provide adequate volume of compressed 

displaced forward allowing the trigger 208 to pivot gas for injection. 

downwardly with the trigger anvil 214 depressing the An upper housing 426 is fixed in position on the out- 
pilot valve pin 216 to open the pilot valve 218. The side of the housing tube 412, e.g., with screw fasteners 
elements within the housing 205 then operate as de- 20 and/or adhesives. An anchor bushing 4528 is attached 
scribed above for the embodiment of FIGS. 1-3. The to the outside of the housing tube 412 and is further 
pressure relief bores 342 extending through the collar secured in place by the upper housing 426. The anchor 
340 and linking with the channels 336 in the ampule 306 bushing 428 supports the rotation bushing 256. An en- 
provide a route to the outside of the device for relief of larging window 430 is provided on the upper housing 
compressed gas exhausting from the plunger chamber 25 426 to permit viewing of the compressed gas pressure 
114 during actuation. indicator assembly 230. 

After the injection, the trigger 208 is released and A trigger lever 440 is pivotally mounted to the hous- 

biased to pivot away from the pilot valve pin 216. When ing tube 412 by a pivot pin 442. The trigger lever 440 

the slide tube 202 is released by the user, the trigger stop has a locking slot 446 and an extension 447 extending 

212 returns into the trigger slot 210. (FIG. 11a). The 30 through a cut out 458 in the upper housing 426. A leaf 

lock groove 266 moves back over the detent ball bores spring 444 biases the trigger lever 440 away from the 

296. The ampule 306 is rotated in the reverse direction housing tube 412. A boss 445 on the trigger lever 440 

along With the detent collar 340 and the ampule is rests on top of the pilot valve stem 216. A slide block 

removed from the device 200, thereby resetting or re- 448 is slidably mounted onto the housing tube 416. A 

locking the link and collar follower locking systems. 35 slide block pin 450 extends from the slide block 448 and 

The elements within the housing 205 correspondingly is engageable into the locking slot 446 of the trigger 

return to their original positions as described above lever 440. 

with reference to FIGS. 1-3. A detent switch assembly 452 is provided on the slide 

The indicator assembly 230 indicates whether the block 448. The detent switch assembly includes a detent 

pressure of the compressed gas within the'device 200 is 40 button 453 extending through the cut out 458, a spring 

sufficient for another injection. The Bourdon tube 239 is 444 and a detent plate 456 having protrusions 455 and 

calibrated in a known manner to rotate with changes of 457 which are held against a detent surface 459. 

pressure within the Bourdon tube 239. As shown in Referring to FIG. 27, the ampule 406 is similar to 

FIG. 9, the duct 248 and duct extension 249 connect the ampule 306 (FIG. 9) but has a generally flat rear surface 

Bourdon tube 239 with the pilot valve chamber 219, 45 461 without tabs 312. These tabs are not required as the 

such that the pressure in the Bourdon tube equals the injection device of FIG. 26 does not have the ampule 

pressure in the pilot valve chamber. As the pressure of interlock system shown in the device of FIG. 9. 

the compressed gas in the device 200 decreases with Referring once again to FIG. 27, the ampule, which is 

each injection, the pressure within the Bourdon tube preferably injection molded as a single part of a poly- 

correspondingly decreases. This causes the Bourdon 50 carbonate such as clear LEXAN HP2, has an injectant 

tube 239 to turn the indicator cylinder. By looking chamber 338, a transition zone 460 and a nozzle 470. A 

through the window 232, the user the can view the flag first or concave radius 464 begins at a tangent point 462. 

236 to determine if there is sufficient gas pressure for A second or convex radius 466 adjoins the first radius 
another injection. The bourdon tube 238 and indicator 464. A conical taper 468 extends from the nozzle 470 to 
cylinder 231 are arranged so that when the gas pressure 55 the second radius 466. This provides a smooth transition 
within the device 200 is sufficiently high, the green side zone 460 between injectant chamber and nozzle to 

237 of the flag 236 appears in the window 232. As the avoid stress concentrations in the ampule 406 and pro- 
gas pressure decreases, the indicator cylinder 231 turns vide good injection characteristics. FIG. 36 shows pre- 
with the red side 235 of the flag 236 gradually appearing ferred dimensions of the nozzle end of ampule 406, with 
in the window 230. When the red side 235 occupies a 60 Rl and R2 at 0.19 in., dimension £ at 0.432 in. angle 
predetermined position in the window 232, the device alpha at 14 degrees and an injectant chamber inside 
no longer has sufficient pressure of another injection ad diameter of 0.250 in. nominal. 

the cartridge 28 must be replaced. As shown in FIG. 28, the nozzle 470 extends a short 

The adapter plate of FIGS. 21-23 is used to operate distance before joining the conical taper 468. The noz- 

the device with other ampules to having the key tabs 65 zle diameter can vary, depending on application, e.g., 

312. intramuscular, subcutaneous, veterinarian, etc. FIG. 18 

FIG. 26 illustrates a third embodiment of the present substantially illustrates the mounting tabs 316 of the 

needleless injection device. As illustrated therein, an ampule 406. 



03/05/2004, EAST Version: 1.4.1 



5,312,335 

15 16 

As shown in FIGS. 29a and 29b, the front portion of pendicular cylinder end can work as a nozzle but the 
the shroud 334 of the nozzle 406 includes serrations 472 resulting jet will generally not have characteristics 1 or 
(instead of the finger block 308, as shown in FIG. 16) to 2 above. The preferred compromise, considering pres- 
provide a gripping surface. sure losses versus characteristics 1 and 2 above and 

In use the ampule 406 is filled with injectant and is 5 material requirements, is to have a short nozzle using 
placed into the injection device 400 by passing the connecting radii. This preferred design yields the least 
flanges 316 of the ampule 406 by the retainer hooks 410 turbulence for given length. 

on the retainer barrel 408. The pressure plate 414 is To operate with the relatively higher injection pres- 
depressed slightly against the wavy spring 416. The sures, the plunger 96 has a back-up ring 127 behind the 
ampule 406 is then rotated such that the flanges 316 10 O-ring 126, as shown in FIG. 7. In addition, the diame- 
engage the retainer hooks 410. The pressure plate 414 ter of plunger 96 diameter is maximized to lower axial 
then clamps the ampule 410 in place within the retainer compressive stresses and for maximum resistance to 
barrel 408. column buckling within the space allowed. 

The nozzle 470 of the ampule 406 is placed onto the The ampules shown in FIGS. 7, 20, 27 and 30-33 are 
injection site. The user pushes the detent button 453 15 designed to withstand the relatively higher injectant 
forward, to switch the detent switch assembly from a pressures generated during the injection sequence. One 
locked to an unlocked position. As the detent button critical area in the ampule design is the Luer tip end. 
453 is pushed forward, the slide block 448 slides for- FIG. 32 depicts the nozzle and throat of the ampule 
ward and the slide block pin 450 disengages from the shown in FIG. 27, as well as the ampule 500 shown in 
locking slot 446 on the trigger lever 440. The device 400 20 FIG. 30 and the ampule 600 shown in FIG. 33. Refer- 
is then ready to inject. The trigger lever 440 is de- ring to FIG. 32, with a short nozzle length, the fluid 
pressed to commence the injection sequence as previ- cone angle alpha would conventionally be large, in the 
ously described in the other embodiments. As the range of, for example, 20-30 degrees. In contrast, the 
plunger 418 moves forward during the injection se- standard Luer tip dimensions require a certain minimal 
quence, ambient gas in the plunger driver chamber is 25 axial length. The critical stress intensity occurs at the 
expelled by passing through relief holes 415 in the pres- minimum section thickness, where the Luer taper tran- 
sure plate 414, in between the flanges 316 of the ampule sitions to the radius extending to the injectant chamber 
406 and out of the. front of the device 400. diameter. Thus, the fluid cone angle alpha must be re- 

After the injection, the spring 444 pushes the trigger duced to keep stresses within safe limits. Resulting fluid 
lever 440 up, once it is released. The detent button 453 30 cone angles (alpha) of 4-12 degrees are accordingly 
is returned to the locked position and the slide block pin preferred, although these angles incur a small additional 
450 once again engages the locking slot 456 to prevent pressure drop. 

actuation of the device 400. Another stress concentration area of the ampules is at 

Generally, with hand power syringe/needles, the the rear or lug end. As shown in FIGS. 9 and 26, the 
interior pressures are limited to a few psi, rarely or 35 ampules 306 and 406 (as well as the ampules of FIGS, 
never exceeding about 30 psi. This limits the pressure 30-34) have three lugs which are attached to the injec- 
producing forces on the ampule. Thus, the syringe can tion device at the outer edge of the lugs. During injec- 
be thin- walled since stresses produced by the com- tion, there is about a 200-pound axial load divided 
pressed injectant are low. On the other hand, with the among the three lugs, in addition to the internal radial 
compressed gas powered injection devices described 40 pressure loading on the ampule. This axial load causes 
herein, the pressures generated within the ampules may high stress intensities at the corners where the lugs 
be orders of magnitude greater, i.e., in the range of attach to the cylindrical ampule body. Accordingly, the 
approximately 3,000-6,000 psi. These higher pressures lugs preferably have a gradual change in cross-section 
are necessary to generate a liquid jet with sufficient and a relatively large radius (for example, 0.093 in.) 
velocity to pierce the skin without a needle. 45 joining the lugs to the ampule body, as shown at R3 in 

To achieve such a jet velocity that will pierce the skin FIG. 30. 
at minimum pain levels, two basic jet characteristics Since the ampules are preferably disposable, their 
should be provided: cost is minimized by reducing the material required for 

1. The velocity profile across the jet diameter should each ampule. Sufficient material must nevertheless be 
be as flat as possible (not parabolic as in highly 50 provided to maintain stresses at acceptable levels. Am- 
viscous tubular flow). This ensures that momentum pule 500 shown in FIG. 30 illustrates an ampule similar 
of the jet will be sufficient, not only to initially to ampule 27 but manufactured using less material, 
pierce the skin, but also to momentum control Referring still to FIG. 30, the preferred contour de- 
depth of penetration. sign of the transition from the injectant chamber 502 of 

2. Turbulence in the jet should be minimized to en- 55 the ampule 500 to the nozzle 504 is defined by the con- 
hance axial momentum and additionally to mini- cave radius Rl and convex radius R2 t preferably both 
mize jet spreading due to turbulent transverse ve- 0.19 inch. The nozzle end 506 of the ampule 500 pro- 
locity components. trudes by dimension F, preferably 0.020 inch beyond 

These characteristics can be achieved with proper the ends of the shroud 508. This protrusion facilitates 
nozzle design, in particular, the converging section 60 secure engagement of the nozzle against the patient's 
between the larger cylindrical bore and the final cylin- skin. The shroud length indicated by dimension G is 
drical nozzle section. The converging transition should preferably 0.310 inch and the dimension £ from the 
be without any rapid or step changes in cross-section. tangent point to the nozzle is preferably 0.501 inch. The 
Long linearly tapered nozzles can provide characteris- base or lug end diameter A is preferably 0.420 in. The 
tics 1 and 2 above. However, such designs have larger 65 wall thickness most desirably ranges from 0.084 near 
pressure losses, and are less practical for a disposable position 6 where the ampule outside diameter is 0.415 
device since they use relatively large volumes of mate- in., to 0.075 at position C where the ampule outside 
rial. At the other extreme, a sharp edged hole in a per- diameter is 0.402 in. With a total overall ampule length 
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of 1.720 in., the spacing between positions B and C is a nozzle section attached to the ampule body concen- 

preferably 0.823 in., with position B 0.370 in. from the trie with the shroud, the nozzle section having a 

lug end of the ampule. The injectant chamber diameter nozzle opening leading into the injectant chamber; 

502 nominally has a preferred diameter of 0.250 in. The » Luer fitting on the nozzle section and substantially 

ampule is designed for manufacture by injection mold- 5 the shroud ' Ae Luer fitting having a mini, 

ing and has appropriate draft angles. The nozzle end of *»» diamet , er of apP~»«n"ely 0.15 inch adjacent 

ampule 500 is configured to the standard male Luer 10 *f noz ? ,e °P emng a " d l*^ 8 fF&J*: 

fitting. THe angle alpha is preferably 10 degrees. As JjJ^ 0 lar « er duunetere t0wards the "J"*"" 

shown in HO. 31 the ampule 500 has a series of radially , Q , , di mto ^ mjectant 

extending ndges 510 to facilitate gripping the ampule by chamber and 

hand * means for attaching the ampule to the injection de- 
Ampule 500 carries 0.5 ml volume of injectant. Am- v i ce> 

pule 600 shown in FIG. 33 is similar, to the ampule 500 2. The system of claim 1 wherein the injectant cham- 
but is formed with an injectant chamber 602 having a 15 ber is cylindrical and concentric with the nozzle open- 
larger nominal injectant chamber diameter (0.304 in.) ing. 

and holding 1.0 ml of injectant. Radii R6 and R7 are 3. The system of claim 1 wherein said means for at- 

0.22 in., alpha is 10 degrees, L is 0.02 1, the tangent point taching the ampule to the injection device includes a 

is 1.219 from the lug end, and the overall length is 1.647. plurality of lug sections radially projecting from the 

The features shown on ampules 132 (FIG. 7) and 306 20 ampule body and spaced apart from the nozzle section. 

(FIG. 16), for example, the shield 160 or channels 336 4. The needleless injection system of claim 1 further 

for exhausting compressed gas may also be used with comprising an O-ring and a back-up ring positioned in a 

ampules 406 (FIG. 27), 500 (FIG. 30) or 600 (FIG. 33). groove on the plunger. 

The nozzle section L/D ratio is another factor that . , 5 - ™e system of claim 1 wherein the shroud has a 

helps maintain minimum jet spreading and transverse 25 length of approximately 0.3 inch* 

, 4 A » v r * * « j a The system of claim 1 wherein the shroud has a 

turbulent momentum. Ratios from 2 to 5 provide a good forward ^ Hm ^ m mtMe Qf ^ 

compromise to damp transverse velocity without incur- ma tely 0 4 inch 

ring too high a nozzle pressure drop. An L/D ratio of 7 system of claim x wherein ^ nozz]e 

2.5 is most preferred. The nozzle diameter D ranges 30 pro j e cts beyond the tubular shroud. 

from approximately 0.0040 to 0.0250 in. With an L/D 8 ^ nee dl e less injection system of claim 1 further 

ratio of 2.5, L ranges from 0.0100 to 0.0625. The radius comprising: 

R5 in FIG. 32 is preferably 10X D. a nozzle bore of length L defining the opening in the 

P4 is preferably a sharp corner. A substantial radius at nozzle section, 

P4 will create a bell mouth design allowing the jet of 35 a throat section between the ampule body and the 

injectant to possibly diverge as it exits the ampule dur- nozzle section, 

ing injection. a throat section between the ampule body and the 
FIG. 35 shows manufacturing tooling for injection nozzle section, the throat section having inner 
molding ampules, such as ampule 500. A core pin 700 throat walls leading and tapering substantially con- 
has a fine wire tip 702 ground onto its leading end. The 40 ically outwardly from the nozzle bore towards the 
wire tip 702 extends into a matching hole in a pilot injectant chamber. 

guide 704. The wire tip 702 allows for the injection 9 ° f . claim •wherein the ampule further 

molding of very small diameter orifice openings, facili- comprises a transition section between, and adjoining, 

tates sharp corners at P4 (FIG. 32), centers the nozzle „ the t throat «t" «* "N* *** ^ n ™°? 

r , • 45 section bavins forward inner transition walls curving 

opening and provides added ngidity to resist transverse from the throat mto T J r 

flow of plastic during injection molding ^ ^ the rcar ^ walh 

Thus, while several embodiments of the present in- curvi on a radius oomydv from ^ forward inner 

vention have been shown and described, it will be obvj- transition waMs to the ampule body. 

ous that many changes and modifications may be made 5Q 10 The system of claim g whercin ^ th roat 

thereunto, without departing from the spirit and scope section has inner walls which flair conically outwardly 

of the invention. f rom a center line of the ampule at an angle in the range 

We claim: of approximately 2-6. 

1. A needleless injection system comprising: a needle- n. The needleless injection system of claim 8, 
less injection device; an ampule having: 55 wherein throat section has a length a plurality of times 

an ampule body containing an injectant chamber; greater than the length of the nozzle bore L. 
a tubular shroud attached to the ampule body; * ■ • • * 
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